1. Introduction {#sec1}
===============

Respiratory presentations are estimated to be the cause of death of an estimated 16% of individuals below the age of five \[[@bib1]\]. It is the most common medical presentation in the pediatric population; furthermore, respiratory presentations of one form or another rank 1--3 place as a reason for seeking care among these populations. Acute bronchitis and asthma rank second and third respectively as principal diagnosis in the pediatric population \[[@bib2]\]. Several risk factors increase the likelihood of pneumonia in these populations such as low socioeconomic status, malnutrition, chronic medical conditions, and secondary smoke exposures and infections acquired through daycare centers. The presentation of pneumonia varies with age as well as pathogens. Viral pneumonia is usually more common in the first two years of life, and then bacterial pneumonia becomes more prevalent after two years of age^.^ \[[@bib3]\].

Respiratory presentations are the most common pediatrics presentation in the emergency setting as well as the most common cause for hospitalization \[[@bib4], [@bib5], [@bib6]\]. Understanding the various dynamics associated with pediatrics pneumonia and outcomes is essential in evaluating current treatment protocols, public educational approaches as well as financial investment in effective prevention strategies. The diversity of organisms that causes pneumonia both viral and bacterial makes it difficult for the development of a concise strategy and approach to treating these medical conditions, especially in the pediatric population. These variations and presentations mean a tremendous variance in the cost of care and outcome \[[@bib2],[@bib8]\]. There has been consistent research on treatment protocols as well as the prevalence of pediatric pneumonia complications \[[@bib4], [@bib5], [@bib6]\]. There are, however, some deficiencies in the areas evaluating the relationship between the cost of care, outcomes and demographics. There has been extensive research using the national dataset to evaluate CAP and its relationship with complication and hospitalization \[[@bib5],[@bib7]\]. These studies have shown variances in treatment approaches or standards as well as the cost of utilization of healthcare resources \[[@bib7]\].

The average cost of care for these inpatient presentations could aid in understanding the variance in treatment protocols. Moreover, it could broaden our understanding of resource utilization and development of strategies to improve or maintain the quality of care while focusing on prevention and cost reduction. Many national trends analysis focused mainly on viral, emphysema or severe respiratory presentations \[[@bib8]\]. Moreover, these studies have focused on particular age groups, not the broader pediatric population \[[@bib9], [@bib10], [@bib11], [@bib12]\]. This study utilizes a national database (HCUP KID database) to determine the total pneumonia hospitalizations (2009--2012) without those acquired through sexual transmitted infections and tuberculosis.

2. Methods {#sec2}
==========

This study was conducted utilizing the HCUP KID Inpatient database release for 2009 and 2012. The KID databases are part of the Healthcare Cost and Utilization Project sponsored by the Agency for Healthcare Research and Quality. It is the most comprehensive dataset that specifically contains pediatric inpatient medical presentations, outcomes and total cost of care. The dataset is unique in the data elements it provides for research and studying trends across the United States as well as the high number of participating states (44) for 2009 and 2012 releases. We selected 2009 and 2012 dataset because of the similarities in elements and the total number of participating states and hospitals. HCUP is released every three years since 1997. The dataset is unique for national estimates because of the 44 states included in the dataset which makes up about 90% of the population in the United States.

2.1. Study cohort {#sec2.1}
-----------------

We included patients between 0 and 21 with primary pneumonia diagnosis.

2.2. Inclusion criteria {#sec2.2}
-----------------------

Individuals with the (1) an International Classification of Diseases, Ninth Revision, Clinical Modification (ICD-9-CM), primary diagnosis code indicating pneumonia (codes 480--484 and 485--486). Other classification of pneumonia which includes empyema (5100--5109) and Pleurisy (5110--5119) were included. Individuals with a secondary diagnosis of pneumonia, empyema or pleurisy were also included in this study.

2.3. Exclusion criteria {#sec2.3}
-----------------------

Individuals with diagnosed immunodeficiencies, and malignancies were excluded. Pneumonia-associated complications were identified by using ICD-9-CM diagnosis and procedure codes Complications classified as local, systemic or metastatic were also excluded ([Appendix 1](#appsec1){ref-type="sec"}).

2.4. Analysis {#sec2.4}
-------------

The study population was analyzed based on a wide range of characteristics such as age, location, race, gender, length of inpatient stay (LOS), the severity of illness and mortality. Age group was further sub-grouped into infants (\<1 year), children (1--12 years), Adolescents (13--17years) Young adults (18--21). Cases missing any of the variables mentioned were excluded from the study. These factors were then evaluated based on demographics, cost, and severity. Disease severity and mortality for all patients grouped by age, race, and location (Income) were further analyzed. All analysis was performed with weights on per HCUP guidelines. All variable analysis was performed with IBM-SPSS Version 23.

3. Results {#sec3}
==========

Respiratory presentations in the ER setting continues to increase over the years; moreover, respiratory presentation continues to be one of the most prevalent causes of hospitalization in the pediatric population. [Table 1](#tbl1){ref-type="table"} shows an overview of the percent presentation for pneumonia.Table 1Variation in patient population and shows that pneumonia diagnosis based on the definition of this study was only recorded in about 3% of the total pediatric presentation for the period of this study.Table 1FrequencyPercentCumulative PercentOther non-pneumonia primary x309516896.996.9Pneumonia Dx other than influenza and TB915772.999.7Influenza related Dx82840.3100.0Tuberculosis and others7530.0100.0Total3195782100.0

[Table 1](#tbl1){ref-type="table"} also shows the variation in the patient population and shows that pneumonia diagnosis based on the definition of this study was only recorded in about 3% of the total pediatric presentation for the period of this study.

[Table 2](#tbl2){ref-type="table"} and [Fig. 1](#fig1){ref-type="fig"} shows the relative relationship between the age groups and total expenditures per patient population. Further evaluation shows that individuals aged 1--4 (46%) presented most with pneumonia in the healthcare setting. Moreover, the mean cost of care for this population was less compared to the older population. One can also observe that as one gets older, the likelihood of increased cost of pneumonia care increased. Such an observation shows that the approach to our healthcare resource allocation including public health focus on targeting only adults in pneumonia prevention needs a focus on these populations too.Table 2Mean charges patient age.Table 2Discharge YearMean (\$)NStd. DeviationSum (\$)Minimum (\$)Maximum (\$)% of Total Sum% of Total NNewborns & infants under 111920.223020513354.53136005123927155258221.520.81--4 years Old10614.476788310362.21472053691815144467443.046.85--9 years Old11713.253048615298.804357091149136136160121.321.010--14 years old13317.141052215937.8011401291762864290148.47.215--17 years Old15091.29356321789.246537636834324629713.22.518--21 years Old16979.07248720040.275422287697403173152.51.7Total11531.8614514613225.48616738009351361361601100.0100.0[^1]Fig. 1Mean charges by age group.Fig. 1

Further analysis of the data also indicates that the presentation of pneumonia in the sample study decreased from 2009 (84,233) to 2012 (61,302) by about 13%. This finding is in contrast to the increase in cost or charges of \$10,741 and \$12,647 in 2009 and 2012 respectively. A further breakdown of the population based on sex shows a steady trend of about 54.3% (76,977) male and 45.7% (64,808) female in the total population.

3.1. Mean charges and length of inpatient stay (LOS) {#sec3.1}
----------------------------------------------------

The LOS for the population shows a significant difference in the cost of care based on how long an individual is hospitalized. It also shows some variation in charges on presentation. For example, for 1-day inpatient, the cost of care was about \$5,548 in 2009 reporting period and \$6,538 for 2012. [Table 3](#tbl3){ref-type="table"} shows a direct correlation between LOS and charge increase. Further analysis shows that diagnoses (NDX), and chronic conditions (NCHRONIC) directly impacts the total cost and length of inpatient stay significantly with about \$10,000-\$40,000 between 200 and 2012. Further analysis of LOS indicates that patients stay longer in private for-profit hospitals than non-profit hospitals.Table 3Direct correlation between LOS and charge increase.Table 3Mean Charges And LOSMean (\$)NStd. DeviationMinimum (\$)Maximum (\$)% of Total N05,445.3035643699.447236.0038,952.002.515,979.14351344207.812136.00176,962.0023.928,808.06520829855.198162.001,361,601.0036.5312,676.37292887913.801286.00130,570.0019.8417,307.441284610861.953960.00184,587.009.0522,400.12592913525.1921,041.00133,080.004.0628,678.77293718202.9791,259.00157,049.001.9735,715.16147521643.9252,143.00158,030.001.0843,075.9069726558.1228,492.00196,065.000.4949,746.1934731144.6609,525.00191,120.000.21057,854.7925831367.2502,071.00190,082.000.21167,196.7514743304.87912,182.00288,201.000.11274,337.697646098.81110,315.00268,901.000.11377,632.458843658.03318,236.00223,893.000.11475,501.538831378.2774,512.00172,225.000.11586,162.814646612.36812,384.00207,000.000.016113,336.002764128.96919,095.00308,682.000.017113,595.942065101.06225,015.00261,479.000.018111,823.471246444.53336,374.00190,581.000.019189,588.50989095.00658,045.00294,640.000.020--84156,133.846081019.60592,076.00311,753.000.0Total11,436.8914514613055.178136.001,361,601.00100.0

[Table 4](#tbl4){ref-type="table"} shows the relationship between patient disposition and charges. It shows that the majority of inpatient care for pneumonia was routine for all age groups. Moreover, it shows that inpatient death could be associated with high cost compared to other transfer that indicates low severity and mortality. The individuals discharged to home health care shows a decrease from previous years. The number of presentations were more in 2009 compared to 2012. The sum of total expenditure or charges between these years shows an average decrease in total cost as with patient presentation. Further analysis of patient disposition shows severity and LOS did not significantly affect whether patients were discharged to short term hospitals, skilled nursing facilities or home.Table 4Mean charges and patient disposition.Table 4Mean (\$)NStd. Deviation% of Total N% of Total SumSum (\$)Median (\$)Routine11495.1714085712893.77797.196.716191726768199.00Transfer to short-term hospital8951.84285413015.6692.01.5255445766147.27Transfer to others?20544.3518432574.9460.10.2377302610484.77HHC22880.4499532544.6150.71.42275891913344.12AMA8016.742116673.1170.10.116952715930.32Died in hospital47797.641268421.2570.00.055420825313.82Discharged alive16358.07811838.9250.00.01348369472.16Total11532.7514514613226.453100.0100.016736335118174.72[^2][^3][^4][^5]

[Table 5](#tbl5){ref-type="table"} shows that even though there are changes in the entire presentation in 2012 compared to 2009; these presentations and cost show that a high or majority of patients presented during the colder months. Further analysis shows that the regions in the southern part of the country experienced more recorded cases (44%) followed by the Midwest (20%). Colder regions are not at increased risk of such infection than other warm regions in the United States. Further analysis shows lower charges in the Midwest compared to other regions in the country. Discharge quarter and year of shows statistical significance (*p-*0.000).Table 5Total charges and discharge quarter.Table 5Total chargesDischarge yearMean (\$)NStd. DeviationMinimum (\$)Maximum (\$)% of Total NFirst Quarter (Jan--March)11394.925235014054.324162136160136.7Second Quarter (Apr--June)11435.602819612151.70315142901419.8Third Quarter (Jul--September)11248.99303211904.91413646297115.1Fourth Quarter (October--December)11591.304256812905.47943255258228.4Total11436.8014514613055.6201361361601100.0

[Table 6](#tbl6){ref-type="table"} shows much of the presentation source was of emergency room origin. Only about 30% of individuals treated with pneumonia did not have an initial point of contact in an ER setting. The mean charges for all ER presentation showed a higher charge and those of no ER presentation. The mean charges for each presentation show some difference based on hospital region (95 CI, \$465-\$740). Moreover, charges in the Midwest shows lower cost compared to other regions.Table 6Mean charges and emergency demographics.Table 6HCUP ER RecordMeanNStd. DevN (%)Sum (%)Sum (\$)MedianNo ERR10238.125131815531.28335.331.35254031216576.00ERR11124.946018510834.81241.540.06717766648234.00+ERR13472.371643311455.52111.413.322343850210485.00+CPT12766.44225388.537.0.028220510858.44ED Origin15057.141718914118.13711.815.425881206311232.27Total11544.5114514613223.582100.0100.016797125558186.00[^6][^7][^8][^9][^10]

[Table 7](#tbl7){ref-type="table"} provides further details of the relationship between severities in the population. Minor to moderate loss of function in this category showed the most significant presentation with 51 and 34% of entire presentation respectively. Significant and extreme loss of function in the same population was 11.6 and 2.7 respectively. A further in-depth analysis shows that pediatric pneumonia in each of these categories decreased from 2009 to 2012 respectively. Further analysis shows that individuals between 1 and 4 years old had the highest likelihood of being hospitalized for pneumonia generally; this patient population also had the highest charge rate (43.1% of total pneumonia expenditures) followed by patients less than one-year-old and 5--9 with 20.8 and 20.9% respectively. The results indicate that high severity presentation has decreased and substantially minimized from the previous three years as depicted by the year 2009 and 2012. Further analysis of the relationship between the variables and finance or charges shows a p-value of .000. Careful evaluation of disease severity indicates direct correlation to severity classification to LOS. Individuals classified with major and significant loss of function (15%) spent on average about 3 days more inpatient and showed higher charges.Table 7Mean charges and severity.Table 7Severity of illnessMean (\$)N% of Total NStd. DeviationSum (\$)% of Total SumNo class specified12,317.818650.2%16033.6532,739,548.620.2Minor loss of function11,705.577379051.5%12633.383840,347,499.1451.5Moderate loss of function11,720.954959234.1%12487.952557,828,456.5134.2Major loss of function11,561.361714211.6%12318.141186,628,909.1211.4Extreme loss of function11,606.5937552.7%11305.86843,585,197.182.7Total11,692.44145146100.0%12519.741**1,631,129,610.57**100.0

The general observation from these presentations in [Table 8](#tbl8){ref-type="table"} shows a general improvement in pneumonia cases evidenced by the decrease in a whole patient presentation in 2012 compared to 2009 dataset. Patients with minor to no risk of death made up a majority of population as observed in the table above. Patient between 1 and 4 years old had more presentations in both years compared to other age groups with a percentage of 46.8. Patients less than one-year-old and 5--9 made up the second highest populations with an estimated percentage of 20.8 and 20.9 respectively. Patient dynamics for extreme mortality shows that it mainly decreased from 2009 to 2012 with a representation of 0.7 and 0.4% of pneumonia patients respectively. A careful analysis shows that the total expenditure nationally has decreased by millions of dollars just as patient pneumonia presentation decreased over the years.Table 8Mean charges and severity.Table 8Mean (\$)NStd. Deviation% of Total NSum (\$)% of Total SumNo class specified12317.8122216033.653.227395490.2Minor likelihood of dying11652.6212882412456.66889.7145452394589.5Moderate likelihood of dying12071.061129213634.2156.71121651326.9Major likelihood of dying11628.05325811713.8742.3378861522.3Extreme likelihood of dying11541.11155011701.8811.1175380501.1Total***11679.84****14514612520.807100.0****1.624,852,828****100.0*[^11]

3.2. Hospital Region and charges {#sec3.2}
--------------------------------

An analysis of the data indicates a high number of patient presentation within the southern part of the country as shown in [Fig. 2](#fig2){ref-type="fig"} below about 43% of all presentation occurred in the south with an average charge of \$10,482. The trend in the patient presentation shows continuity with the South regions reporting 25% and 19% for 2009 and 2012 data release respectively. Generally, pneumonia presentation decreased with about 84,233 (57.9%) and 61302 (42.1%) for 2009 and 2012 data release respectively. Further analysis indicates that the majority of patients 55% were Medicaid recipients followed by private insurance (38%). The mean cost of care for Medicaid and private insurance patients was \$11,597 and \$11,312 respectively. Even though the reimbursement rate for Medicare and Medicaid are generally less the charges are similar to private insurance coverage. Analysis of cost by region, hospital control and bed size show West with a higher mean total charge with about 26% of pneumonia presentation. South, Midwest, Northeast showed a mean of \$10389, \$8749, \$13,040 with about 39%, 15% and 20% of the pneumonia presentation respectively.Fig. 2Home region and charges.Fig. 2

3.3. Hospital bed size and charges {#sec3.3}
----------------------------------

An evaluation of the hospital bed size indicates significant variation in a patient presentation to these facilities, severity as well as the total cost of care. The mean cost of care was \$9,573, \$11,360 and \$12,073 for small, medium and large hospitals respectively as seen in [Fig. 3](#fig3){ref-type="fig"} below. The data also indicates a higher cost of care for similar severity or mortality risk at larger healthcare facilities compared to smaller facilities. Further evaluation of these facilities indicates low charges of \$9,236, \$11,381 and \$14,747 for governmental, non-profits and private investment facilities respectively.Fig. 3Mean charges by hospital size.Fig. 3

3.4. Charges by median household income based on zip code and race {#sec3.4}
------------------------------------------------------------------

The cost of care and patient presentation based on zip code and race shows patients from families with \$38,000 or less income were more likely to present with pneumonia with 38% of total presentations. Household income of \$48,000, \$63,000, \$63,000 plus showed a total of 25.9%, 20.4% and 15.7% presentations respectively. Although there has been a decrease in the patient presents for each income category, the mean cost of care shows over \$2,000 increase on average in each income subset (P-0.00, R2 0.005). Mean charges for Hispanic and Native American population is higher than any other race as seen in [Fig. 4](#fig4){ref-type="fig"}. This trend could be seen in most regions and could be associated with higher severity and mortality risk at presentation. [Fig. 4](#fig4){ref-type="fig"} also shows higher mean charges for higher household income; further analysis shows this is associated with a low patient population in that category.Fig. 4Higher mean charges for higher household income.Fig. 4

4. Discussion {#sec4}
=============

This analysis of nationwide data provides a unique perspective on the relationship between cost, age, and severity. The total cost of care for individuals younger than ten years old is about 10% less compared to older populations. Presentations with pneumonia were also more common in populations between 1 and 4 years old followed by newborns and infants; even though the maximum cost of care for these populations was the highest. An observation could be made that the cost of care varied significantly comparing the severity and stability of an individual before discharge. Mortality risk does not seem to show a significant impact on the mean cost of care comparing minor and major mortality risk with a mean cost of \$11,652 and \$11,541 respectively. As expected, the colder season or quarters showed a significant number of presentations between October to March; even though the mean cost did not show a significant difference in cost severity and mortality increases during these quarters.

This study shows that majority of presentations were of emergency room origin and had a significantly higher mean charge compared to non-emergency presentations. Patient presentations with emergency department records showed higher mean charges and total cost of care compared to the general population. Higher severity and mortality presentation risk could be attributed to race and population based on household income. These factors need to be addressed using public health strategies including educational approaches and resources allocation for the population that has difficulty accessing care. The findings indicate that some of these presentations could be treated in setting other than emergency and have successful outcomes. A comparison of the severity for these same population shows no statistical significance in increased severity for that non-emergent presentation. Individuals transferred to short term facilities made up the second largest population but also had low mean charges compared to other categories including routine discharge without the need for further care or observations.

This study shows that further analysis of treatment approaches, pharmaceutical interventions, and specification of the emergency facility is needed to better understand the various characteristics affecting the cost of care. Furthermore, a breakdown of cost by medications, diagnostic imaging, administrative cost would be essential in gaining a better understanding of the trends associated with the increase in the cost of care for these populations. An indication of specific procedures would aid in evaluating the effectiveness of protocols to treatment as well as the cost associated with them. The lack of outpatient cost information restricts a clear understanding of the total cost of care. Moreover, specific treatment protocols being adhered to during treatment could provide some information on cost increases in specific areas across the country. It could also aid in answer the question of cost or charge variation in comparing private for-profit healthcare facilities compared to others. Further studies on the dynamics of healthcare provision and cost in the South and West could aid in understanding the higher cost of care and high pneumonia presentation.

5. Conclusions {#sec5}
==============

It is essential that the cost of care for pneumonia is thoroughly understood since it is one of the most common presentations in the pediatric population. A clear delineation of cost or charges broken down into various categories will be useful in providing a clearer picture of cost for pneumonia care in the United States. As shown in this study, the differences in charges by region could not be directly attributed to disease severity or mortality. More patients seek care at more extensive facilities and show no significant difference in morbidity or mortality based on hospital size. Individuals between the ages of 1--4 years old have presentation risk because of URI\'s followed by newborns and 5--9 years old. Higher cost attribution to the older population could be associated with high severity and presentation in all regions. Identification and understanding of cost influencers related to this diagnosis can aid in improving outcomes and cost reduction. Outcomes such as disease severity and mortality risk at presentation could decrease since cost influencers are directly related to patient health outcomes.

This study provides information on the various factors that impact cost across the country and the unique variances that exist based on geographic location. Furthermore, it provides information on the where resources should be allocated concerning addressing the issue of early presentation and treatment. Since age, LOS, ER records and severity are the most significant factor impacting cost addressing the issue at the community level could significantly impact cost and outcomes. Further studies on evaluating why some communities present with high severity and mortality risk is necessary for addressing this problem at a community level. Collaboration between healthcare organizational managers and community policymakers could aid in addressing issues of cost and outcome through an understanding of outcome and cost influencers as this study has shown.
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Appendix 1. ICD-9-CM Exclusion Criteria {#appsec1}
=======================================

Exclusion CriteriaDescriptionICD-9-CodeMetastaticSeptic Arthritis711.XCNS324.XPericarditis420.XEndocarditis421.XSystemicAcute Respiratory failure518.8X, 799.1Sepsis995.9XHUS283.11Other (Local)Abscess513.XImmune Deficiency279.XXMeningitis320.XX
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[^1]: Bold- Total and Mean Cost of Care in US Dollars, Italics-Percent of N and total Sum.

[^2]: Transfer other: includes Skilled Nursing Facility (SNF), Intermediate Care Facility (ICF), and another type of facility.

[^3]: Against medical advice (AMA).

[^4]: Discharged alive, destination unknown, beginning in 2001.

[^5]: Home Health Care HHC.

[^6]: Record does not meet any HCUP Emergency Department criteria (No ERR).

[^7]: Emergency Department revenue code on record ERR.

[^8]: Positive Emergency Department charge (when revenue center codes are not available) +ERR.

[^9]: Emergency Department CPT procedure code on record + CPT.

[^10]: Condition code P7 indication of ED admission, point of origin of ED, or admission source of ED- ED Origin.

[^11]: Bold- Total and Mean Cost of Care in US Dollars, Italics-Percent of N and total Sum.
